INTRODUCTION
The mammalian intestine harbors one of the most rich and densely populated microbial communities on earth and several adaptations of the host mucosa have evolved to maintain this overall beneficial relationship. One of the main mechanisms involves sequestering of bacteria in the luminal compartment, to avoid colonization of the epithelial cell surface and invasion by opportunistic pathogens. This is in part achieved through the secretion of secretory (s)IgA, which protects the epithelium by the immune exclusion of microbes 1 and also by the continuous production and removal of secreted mucin. In the small intestine, the mucus barrier is fortified by the accumulation of several Paneth and epithelial cell-produced antimicrobial peptides and proteins (AMP). 2 One key human antimicrobial protein is hepatocarcinoma-intestine-pancreas/pancreatitisassociated protein (HIP/PAP) (REG3a, GeneID 5068) that has a murine homolog designated regenerating islet-derived 3 beta (REG3b).
Mammalian REG proteins consist of a carbohydrate recognition domain and a N-terminal secretion signal. Some REG3 family members implicated in host defense are expressed predominantly in the small intestine, including mouse REG3b and REG3g (refs. 3-6) and human HIP/PAP. 7, 8 The main environmental triggers for expression of REG3 proteins are intestinal colonization by bacteria, 5 infection, 9, 10 or inflammatory stimuli driven by mucosal inflammation and damage 4, 11 implicating broad roles of REG3 proteins in mucosal defense and immune homeostasis.
Recombinant and refolded REG3g and human HIP/PAP have been reported to be bactericidal to Gram-positive bacteria through binding to peptidoglycan. 5 The bactericidal activity of HIP/PAP is controversial as other authors report that HIP/PAP from humans and rats is not bactericidal, but can induce bacterial aggregation. 12, 13 Loss of the antimicrobial REG3g function was given as an explanation for the decreased spatial separation of commensals from the small intestinal epithelium in REG3g knockout mice. 14 The only caveat being that this spatial separation was not based on visualization of the mucus but inferred by fluorescent detection of the bacteria and epithelial nuclei. The firm mucus layer can easily become detached from the epithelial surface during the histological procedure, something which is only apparent by direct staining. Therefore, it is important to visualize the mucus layer in order to accurately assess changes in bacterial exclusion and the extent to which bacteria penetrate the mucus. In addition to the study on spatial segregation of the microbiota in REG3g
À / À mice, Vaishnava et al. 14 showed increased abundance of mucosal-adhered bacteria including segmented filamentous bacteria, but no effect on bacterial composition or quantity in the lumen of the ileum.
The aim of this study was to determine the in vivo contribution of REG3g to protection of the mouse mucosa from infection with Gram-positive Listeria monocytogenes and Gram-negative Salmonella enteritidis. We first generated and characterized a REG3g À / À mouse lacking segmented filamentous bacteria, including histological and immunohistochemical investigations of the mucus and spatial compartmentalization of bacteria in the intestine. In addition, we investigated the effects of REG3g deficiency in uninfected and pathogeninfected mice using microarray gene expression, qPCR and measurements of bacterial translocation, innate and serum biomarkers.
RESULTS

REG3c deficiency increases innate inflammatory markers in the ileal mucosa
In REG3g
À / À mice expression of Cre-recombinase leads to deletion of the REG3g cDNA cloned between the loxP sites in the targeting vector, thereby bringing the enhanced GFP coding sequence under control of the canonical REG3g promoter (supplement and Supplementary Figure S1 online). REG3g À / À mice had a similar appearance to wild-type (wt) mice, showing no developmental abnormalities or signs of disease, and similar body weights. As expected, REG3g was not expressed in the small intestine of REG3g À / À mice ( Figure 1a) . Enhanced GFP was expressed in the small intestine ( Figure 1b) and pancreas, but not in the liver, spleen, or lungs of REG3g À / À mice (data not shown). Intestinal expression of REG3b was not altered in REG3g À / À mice ( Figure 1c) . Interleukin (IL)-22, an inflammatory response marker, was significantly increased in the ileum of REG3g À / À mice ( Figure 1d) . Furthermore, increased amounts of myeloperoxidase (MPO), a quantitative marker of polymorphonuclear granulocytes, were measured in the ileum of uninfected REG3g À / À mice compared with uninfected wt mice ( Figure 1e ). To further investigate the immune status, a comprehensive panel of 58 serum biomarkers was measured.
Macrophage inflammatory protein-2 (MIP-2) (P ¼ 0.0562), monocyte chemotactic protein-1 (MCP-1) (P ¼ 0.0117), and macrophage colony stimulating factor (M-CSF)-1 (P ¼ 0.0465), all of which are associated with the chemotaxis and development of neutrophils and monocytes, were upregulated in REG3g À / À compared with wt mice (Supplementary Table S3 online) . Fifteen cytokines measured in the serum of REG3g À / À and wt mice were either not significantly different or below detection limit. To determine whether REG3g deficiency had an effect on immune responses in mucosal lymphoid tissue, cytokine production was measured in ex vivo stimulated immune cells from MLNs. There were no significant differences in the production of IL-10, tumor necrosis factor (TNF)-a, interferon (IFN)-g, IL-4, and IL-6 between REG3g
À / À and wt mice (Supplementary Figure S2) . Therefore, it appears that REG3g À / À mice exhibit an increased innate inflammatory activity in the mucosa without evoking systemic inflammation. (Figure 2 ), but not in the colon (data not shown). In all wt mice, an intensely stained band of mucus was consistently observed, lying as a ''blanket'' above the tips of the villi, surrounding the ileal content; however, this band was absent in each of the REG3g À / À mice. QPCR on ileal tissue showed that this differential mucus distribution was not due to differences in expression of Muc2 (data not shown). Moreover, distribution of goblet cells appears to be the same in wt and REG3g À / À mice. No other secretory and membranebound mucins were differentially expressed in the intestinal tissues. In the small intestine, immunofluorescence staining of the mucus and bacteria showed that small numbers of bacteria were observed in contact with the epithelium in REG3g
mice, but not in wt mice ( Figure 3a,b) ; no differences were observed in the colon (Figure 3c,d ). To investigate whether REG3g was present only in the crypts or throughout the mucus, we used immunofluorescent staining techniques to visualize REG3g in Carnoy-fixed sections of the ileum (Figure 4) . REG3g was detected throughout the mucus in wt mice (Figure 4a) .
The findings described above show that in ileum but not in colon, lack of REG3g protein leads to increased contact of microbiota with host with concomitant absence of a specific, darkly stained mucus band near the villi tips. Lack of REG3g did not appear to lead to changes in intestinal crypt depth and villi lengths. Since lack of REG3g led to increased contact between ileal microbiota and epithelia, we were interested to see if lack of REG3g would promote host invasion by an intracellular Grampositive and Gram-negative pathogen.
Mucosal inflammation, but not pathogen translocation to the organs, is increased in infected REG3c
À / À mice During the course of the infection with S. enteritidis and L. monocytogenes, body weight decreased but not significantly compared with non-infected controls (Supplementary Table  S4 ). The colony forming units (CFU) of L. monocytogenes in feces were not significantly different for REG3g À / À and wt mice. However, significantly higher CFU of S. enteritidis were present in the feces of REG3g À / À mice compared with wt ( Figure 5 ). No differences were found in translocation of S. enteritidis or L. monocytogenes to the spleen, liver, or MLNs (Figure 6a,b) . This result was also obtained using a murinized L. monocytogenes strain (Supplementary Figure S3) . As a systemic marker of bacterial translocation and inflammation, we measured SAA2 levels in serum. In uninfected mice, the levels of serum SAA2 were below the detection limit of the assay (o7.8 ng ml À 1 ) but levels increased substantially (410 5 ng ml À 1 ) after infection with either pathogen. There were no significant differences between SAA2 in REG3g
and wt infected mice (Supplementary Table S5 ), supporting similar bacterial translocation levels in all infected groups of mice. MPO in ileal tissue was significantly elevated in all infected compared with uninfected mice (Figure 7) . Furthermore, in infected mice, MPO levels were increased more in REG3g À / À than in wt mice.
Gene expression profiles of infected mice
A transcriptomics approach was used to gain more insight into the potential pathways or mechanisms that might be modulated in the ileum as a consequence of the absence of REG3g during microbial infection. Infection resulted in the differential (Po0.02) expression of 999 genes by S. enteritidis and 744 genes by L. monocytogenes. Gene ontology (GO) enrichment calculations by ErmineJ and gene set enrichment analysis (GSEA) showed that infection with either pathogen appeared to induce mucosal pathways involved in DNA metabolism and cell cycle, IFN signaling and antigen processing and presentation, whereas diverse metabolic pathways including pathways involved in xenobiotic and fatty acid metabolism, PPARa signaling and peroxisome function appeared to have been suppressed. For detailed network and regulatory pathway analysis, array data were analyzed using Ingenuity Pathway Analysis (IPA).
S. enteritidis induces an IFN-driven immune response via IL-1b-MyD88-STAT1/3-IRF axis
IPA analysis showed that during infection with S. enteritidis, antigen presentation and diverse metabolic and disease pathways were significantly modulated, in addition to pathways involved in immune cell maturation and differentiation. IPA was also used to perform an upstream regulator analysis in order to identify the cascade of upstream transcriptional regulators that could explain the observed gene expression changes in the S. enteritidis infection data set. The regulators that were most strongly induced during infection were Ifn-g, Signal Transducer and Activator of Transcription (Stat)1, IL-1b, Stat3, Suppressor of cytokine signaling (Socs)1, Myd88, and Interferon regulatory factor (Irf)1 suggesting that an IFN-driven immune response via an IL-1b-Myd88-Stat1/3-Irf axis was a major determinant of the mouse response to infection. The major cellular responses were involved in activation of hematological system development, immune cell trafficking, cell-cell signaling and interactions, cell fate and an inflammatory response, and a repression of processes involved in infectious disease progression including replication of intracellular pathogens.
L. monocytogenes induces an IFN-driven immune response via TLR3-MyD88-STAT1/3-IRF axis IPA analysis showed that during infection with L. monocytogenes, metabolic and antigen presentation pathways and IFN signaling were significantly modulated, in addition to pathways involved in and driven by Janus kinase (JAK)-STAT signaling, the signaling pathway that strongly drives IFN response. Upstream regulator analysis showed that the regulators that were most strongly induced during infection were Stat1, Irf1, Stat3, Toll like receptor (Tlr)3, and Myd88 suggesting that an IFN-driven immune response via a Tlr3-Myd88-Stat1/3-Irf axis was a major determinant of the mouse response to infection. The major cellular responses were involved in (immune) cell fate, an inflammatory response to intracellular pathogens, and a repression of processes involved in small molecule biochemistry, lipid metabolism, and progression of infectious disease. RNA expression of a few infection-related genes was quantified by qPCR, and showed that transcription of Ifn-g, Mip-2, and Reg3b were all increased in infected mice compared with uninfected mice (Figure 8a-d) . In L. monocytogenes infected mice transcription of Ifn-g was significantly higher in REG3g À / À than in wt mice (Figure 8d ).
In REG3c
À / À mice the infection response is altered compared with wt mice
To investigate if the transcriptome data revealed relevant differences between infected wt and REG3g
À / À mice, a protein-protein interaction network was generated in IPA for genes with GO terms involved in infectious and bacterial disease. These categories were most significantly enriched in the IPA analyses of mice infected with L. monocytogenes or S. enteritidis. This network was overlaid with gene expression data of infected wt and REG3g À / À mice. The bacterial disease network included the nodes Myd88, Stat1/3, Irf1/8, and Socs1/3 that were regulated both during infection by S. enteritidis and by L. monocytogenes.
In S. enteritidis infected mice, the relative expression of 15 of the 80 differentially expressed network genes (19%) including the genes Ifn-g, IL-1b, and Saa was lower in REG3g À / À mice than in wt mice, whereas 2 (3%) of the network genes (i.e., IFNgamma-induced GTPase and ubiquitin D) were expressed at relatively higher levels in REG3g
À / À compared with wt mice (Supplementary Figure S4) . In mice infected with L. monocytogenes, the same comparison showed that 2 of À / À mice (b), showing distribution of REG3g throughout the mucus layer in wt animals. A REG3g-specific antibody was detected using a goat-anti-rabbit Alexa 488 secondary antibody. wt, wild-type.
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DISCUSSION
To investigate the role and function of REG3g in vivo, we generated a REG3g
À / À mouse model that expresses an enhanced GFP reporter under control of the REG3g promoter. Furthermore, we investigated the hypothesis that absence of REG3g would result in higher susceptibility to infection with Gram-positive L. monocytogenes than to infection with Gramnegative S. enteritidis, due to its proposed bactericidal activity towards Gram-positive bacteria.
Initial phenotypic histological analysis revealed no morphological differences between REG3g
À / À and wt mice, corroborating another REG3g
À / À mouse study. 14 However, we observed a significant increase in the relative amounts of IL-22 transcript and MPO protein levels in tissue samples from the ileum of REG3g À / À mice relative to wt mice, suggesting elevated innate responses and chemotaxis of neutrophils.
Moreover, significantly higher amounts of the chemokines MCP-1 and M-CSF-1, both of which are involved in monocyte and neutrophil recruitment, activation and differentiation, were found in serum. Interestingly, pro-inflammatory cytokines, such as IL-1b, IL-12p70, TNF-a, and IFN-g, were not different between REG3g
À / À and wt mice, or were below detection limit. Therefore, it appears that REG3g À / À mice exhibit an increased innate immune cell activity in the mucosa that successfully avoids systemic inflammation, which is a new finding compared with the previous work published about the in vivo lack of REG3g. 14 As MUC2, the major intestinal mucin, is highly glycosylated and REG3g, a C-type lectin, is able to bind glycans, we hypothesized that loss of REG3g might make the mucus more accessible for bacteria and would allow increased contact between microbiota and epithelia. Indeed, sections of ileal tissue from REG3g À / À mice, but not wt mice, consistently showed the presence of small numbers of bacteria at the epithelium, in agreement with the study of Vaishnava et al. 14 However, an important difference in our study is the absence of segmented filamentous bacteria in our mice which appeared to be substantially increased in the study of Vaishnava et al.
14
Given their unique effects on Th17 cell differentiation and IgA production in mice, they may account for much of the previous observations. In the colon, increased co-localization of bacteria À / À and wt mice were observed. MLN, mesenteric lymph node. wt, wild-type.
Figure 7
Amount of MPO in ileal protein extracts of wt (black bars) and REG3g À / À mice (white bars) measured by ELISA. Significant difference between wt infected and uninfected mice, **P ¼ o0.01, ***P ¼ o0.005; Significant difference between infected and uninfected REG3g À / À mice, ## P ¼ o0.01. MPO was also significantly different between uninfected REG3g À / À and wt mice ( a P ¼ o0.05). Se, S. enteritidis; Lm, L. monocytogenes; MPO, myeloperoxidase; wt, wild-type.
and epithelial surfaces was not observed, presumably due to the thicker mucus layer 15 and the lower levels of REG3g expression in the large intestine. 4 We next investigated the distribution and location of the mucus in wt and REG3g À / À mice. Strikingly, mucus visualization revealed an intensely stained band of mucus consistently located above the villi and surrounding the ileal content in wt mice; this band was absent in REG3g À / À mice. This was not reported by Vaishnava et al.
14 as the mucus was not visualized in that study. The changes in mucus were not due to lower expression of MUC2 mRNA in the ileum of REG3g À / À mice, suggesting that REG3g may directly affect the structure or the distribution of mucus in the ileum. As REG3g was shown to be present throughout the mucus layer of wt mice, its absence may provide an explanation for the altered distribution of mucus in these REG3g À / À mice. Alternatively, REG3g itself may self-assemble into large multimeric complexes as previously described for PAP and other REG family members 13 and stabilize the mucin structure by crosslinking the mucins in the mucus network. We have seen binding of REG3g to colonic mucus (data not shown) supporting the idea of a direct effect of REG3g on the stability or penetrability of the mucus layer in the ileum.
As binding of REG3g to bacteria might be a mechanism to trap bacteria in the mucus, we investigated whether recombinant REG3g could bind both pathogens in vitro. Indeed REG3g could bind to both pathogens and binding was enhanced by proteolytic cleavage of the N-terminal propeptide (data not shown, methods in supplement). Recombinant REG3g is not bactericidal for S. enteritidis (not shown) as shown for other Gram-negative bacteria by Cash et al. 5 Therefore the significant decrease in the fecal counts of Gram-negative S. enteritidis in wt mice compared with REG3g À / À mice may be due to increased entrapment of S. enteritidis in the mucus by REG3g, and subsequent killing by antimicrobial proteins including REG3b, which is highly increased in expression after S. enteritidis infection. An alternative explanation is that increased luminal counts of S. enteritidis are due to changes in the composition or distribution of the epithelial-associated microbiota. REG3g was not bactericidal against the L. monocytogenes strain, which was previously reported to be killed by REG3g and HIP/PAP, 5 but inconsistencies in the bactericidal effect of REG3g and HIP/ PAP on Gram-positive bacteria have been described by others. 12, 13 This discrepancy may be due to the use of different bacteria, possible interference of bacterial aggregation during viability assays or conformational differences in the refolded proteins leading to differential proteolytic susceptibility or activity. Lack of REG3g and concomitant decreased bacterial entrapment could thereby explain the increased mucosal inflammatory responses observed following infection of REG3g À / À mice with either pathogen.
Infection of REG3g
À / À mice with either of the pathogens did not result in increased translocation to the spleen, liver or MLNs compared with wt infected mice. This result was fully reproduced using a ''murinized'' L. monocytogenes, engineered to increase infectivity in murine models. 16 The lack of higher colonization levels of L. monocytogenes to the ileum of REG3g À / À mice was unexpected as Vaishnava et al. 14 reported increased mucosal-associated Gram-positive bacteria in REG3g À / À mice. However, at the bacterial group level, this was shown to be due to Eubacterium rectale and segmented À / À or wt mice, *P ¼ o0.05; ** significance P ¼ o0.01 ***P ¼ o0.005. Se, S. enteritidis; Lm, L. monocytogenes; wt, wild-type.
filamentous bacteria, of which the latter is not present in our mice. Although there was no increased translocation of pathogens in the organs of REG3g À / À mice, we did measure increased amounts of MPO in ileal tissue of infected REG3g À / À mice compared with wt infected mice. MPO is produced mostly by neutrophil granulocytes, which are attracted to sites of infection suggesting that increased numbers of both pathogens colonized the mucosa of REG3g À / À mice compared with wt mice. Taken together, these results suggest that the heightened mucosal inflammatory response observed in infected REG3g À / À mice was sufficient to inhibit spread of the pathogens to the bloodstream and organs. In agreement with this, loss of REG3g did not affect systemic inflammatory responses as no significant differences between wt and REG3g À / À in serum SAA2 levels were measured. In line with this notion, it was observed that several genes in the infection response network were differentially expressed in REG3g
À / À compared with wt mice. For example, in L. monocytogenes infected mice, Ifn-g, Il-1b, Icam1, and Cxcl9 were expressed at relatively higher levels in REG3g
À / À mice than in wt mice. Overall these results suggest that the mucosal inflammatory response, involving monocyte and neutrophil recruitment and activity to pathogen infection, was increased in REG3g
mice. Reduced trapping of the bacteria in the mucus or increased movement of bacteria through the mucus might explain the increased mucosal inflammatory responses to both pathogens in REG3g À / À mice. Our results showing that presence of REG3g throughout the mucus altered the mucus distribution in the ileum of REG3g À / À mice, and REG3g binding to both pathogens support this hypothesis.
By generating a new REG3g À / À mouse model, we were able to demonstrate that REG3g deficiency leads to altered mucus distribution, increased bacterial-epithelial contact, and significant increases in the expression of several innate immunity genes in the ileum. During infection, REG3g deficiency had no effect on translocation of pathogenic L. monocytogenes or S. enteritidis to the organs, but resulted in a heightened innate response in the mucosa. The increased amount of MPO measured in the mucosa of REG3g À / À mice suggests the presence of higher numbers of polymorphonuclear granulocytes which are important in immunity to both L. monocytogenes and S. enteritidis. In addition, our results suggest that REG3g may have protective effects that go beyond direct bactericidal activity, including effects on mucus properties and trapping of bacteria in the mucus network.
METHODS
Animals. REG3g
À / À mice were generated using a Cre-Lox procedure and the genotype was verified by PCR (see Supplementary Materials and Methods and Supplementary Table S1 for primer sequences).
Specified pathogen free REG3g
À / À and wt mice on a C57Bl/6 background were reared on a semi-synthetic standard AIN-93G diet 17 (Research Diet Services, Wijk bij Duurstede, the Netherlands) and provided with sterilized drinking water ad libitum, unless stated otherwise. The animal welfare committee of Wageningen University (Wageningen, the Netherlands) approved the experimental protocol.
Collection of biological samples for phenotyping. Mice (7-9 weeks old) were anaesthetized by isoflurane, blood was collected after orbital removal using BD Microtainer tubes (SST tubes, Becton Dickinson (BD), Franklin Lakes, NJ) and mice were killed by cervical dislocation. Serum was analyzed by Myriad-RBM (Rules Based Medicine; Austin, TX) using the RodentMAP v2.0 platform. Different parts (approximately 1 cm) of the ileum and colon were either fixed in Carnoy's fixative or in 4% (w/v) paraformaldehyde (PFA) and embedded in paraffin. PFA-fixed tissue sections were stained according to Crossmon, Carnoy's fixed tissue sections were stained with PAS/Alcian Blue (PAS/AB), anti-Muc2 antibody 15 or fluorescence in situ hybridization (FISH) to detect bacteria using the universal bacterial probe EUB338 18 (for histological protocols, see supplement). Unfixed tissue was snap frozen and stored at À 80 1C prior to RNA isolation. Mesenteric lymph nodes (MLNs) were collected, the cells cultured and stimulated ex vivo for cytokine analysis (Supplementary Methods).
Infection studies. Mice (7-9 weeks old) used in the infection study were housed individually from one week before the start of the infection and fed a modified diet, to mimic a Western-style human diet, by including 200 g kg À 1 fat and reducing the calcium to 30 mmol kg À 1 . The amount of calcium in a standard rodent diet is typically very high (124.75 mmol kg À 1 feed 17 ) but we lowered this because it has been shown to be protective against infection in the intestine of rats 19, 20 and humans. 21 This ''humanized'' diet was fed to the mice from 7 weeks of age. Moreover, this diet has been also used in a previous infection study using REG3b À / À mice. 22 After adaptation, mice were orally infected by gavage with 0.2 ml saline containing 10 8 colony forming units (CFU) of Salmonella enterica serovar enteritidis (S. enteritidis, n ¼ 12 for REG3g À / À and wt) or L. monocytogenes (EGD-e, n ¼ 8 for REG3g
À / À and wt). The bacterial strains were passaged in mice and enumerated on selective medium as previously described. 22 Two groups of mice were sham treated (0.2 ml saline, REG3g
À / À and wt; both n ¼ 6). An additional infection study was performed with non-passaged murinized L. monocytogenes 16 (see supplement). Body weight was measured every two days before infection and daily after infection. Fresh feces were collected every day after infection.
Collection of biological samples and bacterial quantification of infected mice. Mice were sacrificed 2 (L. monocytogenes) or 4 days (S. enteritidis) after infection, the time points at which the number of translocated bacteria were highest in the organs. 22 Non-infected control mice were sacrificed 3 days after oral sham treatment. Blood was collected as above and after cervical dislocation, the distal onethird of the small intestine was excised. For determining CFU of pathogens (shown as log 10 CFU per gram wet weight of tissue), approximately 1 cm from the middle of the ileum was cut open longitudinally, briefly flushed in saline, homogenized in sterile saline, and plated. Other parts of the ileum were treated in the same way and frozen immediately in liquid nitrogen for protein and/or RNA isolation (see supplementary for protocols and Supplementary Table S2 for primer sequences for qPCR). Furthermore, MLNs, spleen, and liver were removed and after homogenization in sterile saline, directly used for pathogen quantification.
Myeloperoxidase quantification in ileal mucosa and serum amyloid A2 detection in serum. To determine the ileal inflammation status, MPO was measured in ileal protein extracts using the manufacturer's MPO ELISA protocol (Hycult Biotechnology, Uden, the Netherlands). Serum Amyloid A (SAA) 2, was measured to investigate systemic inflammation according to the manufacturer's protocol (Life Diagnostics, West Chester, PA).
Microarray and statistical analysis. Total RNA was extracted from the ileum as described above, pooled (three animals per group, randomly selected), and hybridized to the Mouse Gene 1.1 ST array (Affymetrix, Santa Clara, CA). The labeling and hybridization methods, quality control procedures on RNA and data sets generated are described in Supplementary Methods.
Biological interpretation of expression data sets. Biological interaction networks among regulated genes activated in response to infection were identified using Ingenuity Pathways Analysis (IPA) (Ingenuity Systems, Redwood City, CA) using all differentially regulated genes (P valueo0.01 and intensity Z20) as input. The output was used to prioritize differentially regulated pathways of interest for bacterial infections, to identify cascades of upstream transcriptional regulators that could explain the observed gene expression changes, and to reconstruct protein-protein networks that could be used to overlay gene expression data. For details, see Supplementary Methods.
Statistics. All statistical tests were performed using GraphPad Prism 5.0 software (GraphPad, San Diego, CA). Data shown are the means and the standard errors of the means (s.e.m.). Data were tested for normality with the D'Agostino-Pearson normality test. Statistical analysis of normally distributed data was performed with the two-tailed Student's t-test. Data that did not show normal distribution were analyzed with the non-parametric Mann-Whitney U test. The excretion of pathogens in feces was measured at multiple time points, and thus analyzed by a repeated-measures two-way analysis of variance (ANOVA) (mixed model). Differences were considered statistically significant when Po0.05.
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